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About Allinea DDT

* Distributed Debugging Tool

* Capable of debugging codes written with MPI, OpenMP,
threading, GPGPU

» Allinea collaborating with ORNL to create debugging tool
* Easy to use, intuitive
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DDT Capabilities Overview

» Compile code with —g flag

* On OLCF systems:
— module load ddt
— ddt &

X! Allinea Distributed Debugging Tool v2.5.1.12323

e Launch DDT from scratch
directory

e Can run it within interactive
job, or have DDT launch job
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DDT Capabilities Overview

800 \ DDT - Run
Application: [I!mplwork/hqi/NUCCORlcompilerzlpgilnuccor.pgi.OZ.exe Iv]
Arguments: [ IL]

[ Run Without MPI Support

Options: Cray XT MPI, no queue
Number of processes Number of threads (QpenMP only):

Plugins:

[ Intel Message Checker 7.1 - Enables MPl message checking when using Intel MPI 3.0 or later

Extra environment variables:

MPIRun Arguments: [-S4 Iv]
(for MPI script and application) ’

|| Pause when the program reaches exit or _exit

[ Pause when the program reaches abort or has a fatal MPI error

Input File: [ ]
[} Enable Memory Debugging

* Running a job
— Enter application name
— Can have DDT launch job, or run interactive job
— Set arguments as necessary
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DDT Capabilities Overview

DDT Starting up

000 X Allinea Distributed Debugging Tool v2.5.1.12323

000 X/ Connecting to your program

Session  Control

S A

Search  View

All processes ready

Ci
ww INRERERRRRREERRRRN]

Processes ready:

Create Group

Project Files - & X

urrent Lin...| Current St._|

Opening Screen

e 0o '\ Allinea Distributed Debugging Tool v2.5.1.12323
Session Control Search View Help
= =
EaSAEBBIEEEBRO-O-
Current Group: All ~|Focus on current: @ Group O Process () Thread [ Step Threads Together
All 441 processes (0:440) Paused: 441 Running 0 Finished: 0

Currently selected:

Show processes

Create Group

Tz 1 )
I ints | Watches | Stacks

Evaluate

Current Line(s) CES)
Variable Name | value |
[
=]
Type: none selected
Evaluate S}

Stacks & x [Expression [Value |

|Procs |Function, |

Current Line(s 8 x Project Files
BN neutron_tot_orbs, protorn._tot_orbs
1 neut_occ_tmp, prot_occ_tmp, tot_orbs
S Projact Fles 33_maximum, big3, 3a,3b, ma, mb, big m
+- 9 Source Tree jorb_max, iswitch, ichk2, below _ef, iswitchj
@ Header Files mm_upper, mm_lower, mm_upperl,mm_upper2
+ 9 Source Files mm_lowerl,mm_lower2, iph
a, aa, ¢, ce, n, ii, nn, pp, mml
re_el, im el, re hcom, im hcom
real*$, allocatable, dimension(:,:) tkin, heom_lp
CHARACTER (LEN=100) outputl, interaction, output2, output3
INTEGER :: junkl, junk2, junk3, junkd, t_z, ntot_n, ntot_p
! by hqi, for passing input data
integer , dimension(4) tnlj
real*s , dimension(4) elstore
! Read neutron and proton single-particle data
! 211 of this file manipulation really needs to be done
! exclusively by PO
if ( jam == master ) then
| cl ]
& InputOuiput | Breakpoints | Watches | Stacks (All)
Stacks (All) Expression |Value |
Procs | Function |
—/=
 —
) e SR - 040
—/

boT25 11595 4
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DDT Capabilities Overview

Insert Breakpoints, and Pause Can view the value of scalar
at that Point variable across all processes

000 |X| DDT - Cross-Process Comparison View

Compare across:
@ Processes in current group (All, 441 procs)

000 Xl Allinea Distributed Debugging Tool v2.5.1.12323 -~ ) §
Session Control Search View Help 000 [X| Distributed Debugging Tool (0 Threads in current process (Process 0, with 1 thread)
B ! N = P o Processes 0-9, 1130, 32-51, 53-71, 7879, N
& O & 4 96102, 104123, 125-144, 146169, 171196, Expression: [b ] Compare Cancel
=y 198207, 209232, 234253, 255274, 276291, - — =
Current Group: Al | ¥|Focus on current: @ 293,335, 337,346, 348373, 375382, 34403,
. 7S ). .
Al 441 processes (0440) AT (A D Array mode - evaluate for i, from [ H to [ H inclusive
Show processes Currently selected: Process stopped at breakpoint in
© A—n . .
CEED e T ["] Limit comparison to [:E sf. [%] Align stack frames
G o [ o
‘ Compare | istics | Visualize |
O S e pre | Saustes | Visualze
Eroedries | 7 (13 75 —start 0 (at 0x0000000000408029)
'roject Files CZCCIE e e e e e #4 __libc_start_main () (at 0x00000000C -
+ 9 Source Tree g Eent=ops_cnt+2 D é3 main 0 (at Gx000O00000040E130) Process(es) |Value Il
- @ Header Files #2 ccsd ) at/autofsinal_home/haiinuc
+ 9 Source Files end do 334 17
end do r () at/autofsinal_home/hai
end do Store_p_or_n (above_ef=3; 198 18 L
3
do i=1,below ef
do a=below _ef+l, tot_orbs 209 23
i ! 9 28
do j=1,below ef
do low_ef+l, tot_orbs 100 34
1i=1i+1
! if(£2_flag¥fflag(a,b,i,3) == 1) CYCLE 125 40
t2_cem_eqntf5d(b,a, i,3)=t2_cem_ean¥£5d(b,a, 1,3) - tmat? ( 376 v)
t2_com_eqn%f5d(b,a,3,1)=t2_com ean¥£5d(b,a,3, 1) +tmat7 (
1] K10 e 1 O | CIEE| 373 44
InputiOutputt | Breakpoints | Watches | Stacks (Al | Evaluate
Breakpoints @ |value | 146 45
Function | Condition | Full path 382 52
iome/hgi/nuccor/hgiloops/cd 54 56
272 61
252,293 70
< )
Use as MPI Rank] [C[eate Groups]

Close

4

7 OLCF eeee




ties Overview

-]

[ | Auto-update

Aggregate Function:

CJFiter: [= |+ ]
 DataTable ;| Statistics |
[1 |2 3 |4 5 (4]
1 -63.37546630116249 0 0 0 0
2 0 -63.375466301162504 0 0 o
3 0 0 -30.478025676321877 0 0 i —
-~
4 0 0 0 -30.478025676321863 0 [
« | «|» —
Expression "f_ccm.f2d($i, $j)" evaluated for process 0 at 00:55.
[Visualize in §D] [E;portto Spreadsheet...] [ Close l

v

* View array on single process
e Can also view statistics, visualize, evaluate subsets

ST T
A

J
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Using DDT: Step 1 -- Compiling

For regular debugging:

« Compile your code with the
usual compiler and —g flag

— Works better if all optimizations
turned off

— For some compilers, debug flag
automatically turns off
optimizations

— If optimizations are on, line
numbers may be misaligned or
inexact

' OLCFeeee

For memory debugging:

« Compile with ddtmem* wrappers
— ddtmem-ftn
— ddtmem-cc
— ddtmem-CC

* Mustmodule load ddt
before compiling, and rename
compilers in makefiles,
configure, etc.



Using DDT: Step 2 -- Running

* You must have logged in with flags to allow X-forwarding:
— ssh —-X user@jaguar{pf}.ccs.ornl.gov (linux)

— ssh -Y user@Rjaguar{pf}.ccs.ornl.gov (mac)
* module load ddt
 DDT can launch parallel interactive jobs for you

* Or, you can launch the interactive job and run DDT inside (|
prefer this)
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Setting up Queue Parameters

OO0 0

[X! DDT - Options I
Sessf ® O O ==
[=| Application: [ltmp/worklhqi/NUCCOR/nuccor.orig.exe s ]! Hjml SyStem Settlngs
Al ts: \ .
Cur| Argumens: | 085Mob Submission MPI Implementation: | Cray XT [~
Ri ithout MPI S i
: [ Run Withou REES Debugger: [v-=Automatic=-(recommended) lv]
Creai Options: Cray XT MPI, no queue ﬁﬂ Remote Launch
f [«]
Proj  Number of processes D Number of threads @ [ ] Create Root and Workers groups automatically
Appearance
— Default groups file: [ ]
-
B Attach hosts file: [ ]
=
(1]
3
1D
[ Input/Output | Breakpoints | Watches | Stacks
Stacks
|Procs lFunction | ’ 0K l [ Cancel l

ESTINATION

2.4.0b -b cnl2.2.p ¥

DT 25112323 e &

1 JLCFeeee




Setting up Queue Parameters

000 J -
Sess OO O 1
[ Application: [/tmp/worklhqi/NUCCOR/nuccor.orig.exe System JOb Submission Settings
Cu”: Arguments: [ - (%] Submit job through queue or configure own "mpirun” command
! [} Run Without MPI Support [ Submission template file: [Isw/xtSIddtI2.4.1-11140/s|es10.1_binarynemplatesljaguar.qtf ]
Creal Options: Cray XT MPI, no queue ﬂﬂ Remote Launch Submit command: [qsub ]
Projl  Number of processes Number of threads Regexp for job id: [(\d+) ]
(_— Appearance Cancel command: [ qdel JOB_ID_TAG ]
L Display command: [showq ]
g Template Uses
- Wall Clock Limit. |00:02:00 ] bR EOETS
e [ STF006 ] ) NUM_NODES_TAG and PROCS_PER_NODE_TAG
e debus ] PROCS_PER_NODE_TAG:
lit Queue Submission Parameters...
] Also submit scalar jobs through the queue {
i
1 ﬁ
o [ cance
IProcs IFunclion I [ OK ] [ Cancel ] |

1&

-

2.4.0b -b ¢cnl12.2_p

NI

A

DT 25112323] /e

1 hahad e,
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Running from Interactive Job

*gsub -I -A XYZI123 -V -1lsize=12 -q
debug

* Once job is running, then do ddt &

8,00

- vud n 4]
Application: lItmplworklhqi/bigsticklbigstick.x |L]
Arguments: [ l,]
["] Run without M

Options: Cray X no queue

5eS s Number of threads (OpenMP only): ms

PIIR o

Run || cancel |
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Running from Interactive Job

*gsub -1 -A XYZI123 -V -lsize=12 -qg

1 1 __ __

Application: [ftmp/worklhqilbigsticklbigstick.x |l]

Arguments: [ l v]

["] Run Without MPI Support

Options: Cray XT MPI, no queue
Number of processes g Number of threads (OpenMP only): mg

Plugins:

[ intel Message Checker 7.1 - Enables MP| message checking when using Intel MPI3.0 or later

MPIRun Arguments: [ lv]

Extra environment variables:
(for MPI script and application)

D Pause when the program reaches exit or _exit

[%| Pause when the program reaches abort or has a fatal MPI error

Input File: l023.input ]
["] Enable Memory Debugaging
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Using DDT: Step 3 -- Debugging

* Set breakpoints

* Start/Pause/restart

* Look at variables

* Look at state of program on each processor

 Run program until condition occurs (i.e., stop when x=0)
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NVIDIA Compute Visual Profiler

0o '\ shared - Compute Visual Profiler - [Session1 - Device_0 - Context_0 [CUDA]]
< File Session View Options Window Help (=IEx)

Dw B RRBEDDE @

 Profiler Output []'| Summary Table |

4]

GPU Timestamp (us) Y Method |GPU Time (us) |CPU Time (us) |grid size |thread block size | static shared memory per block registers per thread Occu&_
(bytes) J

|7 |l432 GOL 281.632 285.632 [35 74 1] [32 16 1] 2048 14 1
|8 1714 ghostRows 2.848 4 [64 1 1] [16 1 1] 0 12 0.167
|9 |l720 ghostCols 4.288 8.288 [651 1] [16 1 1] 0 8 0.167
|10 1728 GOL 282.176 286.176 [35 74 1] [32 16 1] 2048 14 1
|11 2010 ghostRows 2.784 3 [64 1 1] [16 1 1] 0 12 0.167
|12 |2016 ghostCols 4.32 7.32 [65 1 1] [16 1 1] 0 8 0.167 —
|13 2020 GOL 280 283 [35 74 1] [32 16 1] 2048 14 1 g
L €10
X/| sessionl::Device_0::Context_0
- -

¢ Kernel time = 96.90 % of total GPU time

* Memory copy time = 0.8 % of total GPU time

« Kernel taking maximum time = GOL (94.5% of total GPU time)

* Memory copy taking maximum time = memcpyDtoH (0.5% of total GPU time)

« Total overlap time in GPU = 48.8 micro sec. (0.0% of total GPU time)
o
Z | Hint(s)
2
= * Double click on the kernel name in the Summary Table to analyze the kernel

e Analyze kernel GOL

» Consider using page-locked memory to attain higher bandwidth between host and device memory. Overuse of pinned memory should be avoided as it may reduce overall system

performance.
Refer to the "Page-Locked Host Memory" section in the "CUDA C Runtime" chapter of the CUDA C Programming Guide for more details.
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NVIDIA Compute Visual Profiler

* module load cudatoolkit

e cd /tmp/work/$USER $ export COMPUTE_PROFILE=1
COMPUTE_PROFILE_CSV=1

e aprun a.out
* NVWp &
* Visual IDE version: nvprof &
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NVIDIA Nsight

Profile - Timeline for session diverge - Nsight

File Edit Navigate Search Project Run Window Help
Civ @ @ w | Qv Qv | A B v
§ *diverge 2 =8
b o &y @ Q & K &
s 025s 05s
[~ Process: 21240
[=] Thread: 950560576
Runtime API cuda... cudaMemcpyAsync
Driver API |
[=| Context 1 (CUDA)
W MemCpy (HtoD) |
" MemCpy (DtoH)
= Compute I TR - Vec10F32x(int*, int*, int*, int)
W 63.5% [4] Veclof... HE B Vec1of32x(int*, int*, int*, int)
T 10.6% [4] Vec50(i... | 1 1 [
7 10.6% [4] Vec1of.. | | | ]
T 9.6% [4] VecThen(... I 1 I [
7 5.8% [4] Vec320f... | | [ ]
7 0.0% [4] VecEmpt... [ |
[=| Streams
Stream 1 T T — Vec1of32x(int*, int*, int*, int)
[l Analysis | (o) Details &2 . E Console
Name Start Time Duration Grid Size Block Size Regs Static SMem Dynamic SMem
Memcpy HtoD [async] | 64.463ms | 48.287 s |
Memcpy HtoD [async] | 64.599ms | 47.68ps |
VecEmpty(void) 64.677ms§ 1.728ps§ [1,1,1]% 0 0
VecThen(int*, int*, int*, int) | 64.721ms; 6.015ms | [1,1,1]} 44! 0
Vecso(int*, int*, int*,int) | 70.74ms; 3.01ms; [1.1,1] 44 0
Vec1of32(int*, int*, int*, int) | 73.754ms|{ 3.01ms | [1,1,1]} 44 0i

= Properties &

[0] GeForce GTX 280

Name
¥ Duration
Session
Compute Utilization
Compute/Memcpy
v Overlap
Kernel/Memcpy
v Attributes
Compute Capability
> Maximums
¥ Multiprocessor
Multiprocessors
Clock Rate
Concurrent Kernel
Max IPC
Threads per Warp
¥ Memory

Clabhal AMaman:Dan

Size Throughput gst64B gst32B

5.06 GB/s |
5.12GB/s |

B % (@) ®

[ Detail Graphs| &2 ¥ = O

Value

705.345ms
89.6%
4,337.261

& 0%

1.3

30

1.296 GHz
false

0

32

12C 12 D /-

s omE A oy T0
gld 128B g
0 0 0|
0 2048} 0
0/ 1025 0
0i 1025} of |[
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NVIDIA Nsight integration

~

C/C++ - bitreverse/src/bitreverse.cu - Nsight

File Edit Source Refactor Navigate Search Project Run Window Help

Civ & B/ @ @ & EvCr (B0 @@ | @ |4 E @ G F e G
(25 Project Exp 2 = 0 [¢ bitreverse.cu 2 =0
=] g A= */ -
= __global__ void bitreverse(void *data) {
v =5 bitreverse unsigned int *idata = (unsigned int*) data;
» &l Includes idata[threadIdx.x] = bitreverse(idata[threadIdx.x]);
}
v (&src
> [g Thh
> > Debug * Host function that prepares data array and passes it to the CUDA kernel.
- */
> = diverge -~ int main(void) {
> =5 findmax void *d = NULL;
int i;
unsigned int idata[WORK SIZE], odata[WORK SIZE];
for (1 = 0; i < WORK SIZE; i++)
idata[i] = (unsigned int) 1i;
CUDA CHECK RETURN(cudaMalloc((void**) &d, sizeof(int) * WORK SIZE));
CUDA CHECK RETURN(
cudaMemcpy(d, idata, sizeof(int) * WORK SIZE, cudaMemcpyHostToDevici
bitreverse<<<l, WORK SIZE, WORK SIZE * sizeof(int)>>>(d);
»
[2¢ Problems | ¥ Tasks | & Console 52 $ ¢|&| BB G = By riv =0
CDT Build Console [bitreverse]
make all
Building file: ../src/bitreverse.cu
Invoking: NVCC Compiler
nvcc -G -g -00 -gencode arch=compute 13,code=sm 13 -gencode
arch=compute 20,code=sm 20 -gencode arch=compute 20,code=sm 21 -odir "src" -M -o
"src/bitreverse.d" "../src/bitreverse.cu"
nvcc --compile -G -00 -g -gencode arch=compute 13,code=compute 13 -gencode
arch=compute 13,code=sm 13 -gencode arch=compute 20,code=compute 20 -gencode
arch=compute 20,code=sm 21 -o "src/bitreverse.o" "../src/bitreverse.cu"
- Finished building: ../src/bitreverse.cu <
ne Writable Smartinsert  2:1

B % Q|E
gEoutl X\ @mak| =08
2 R o % 7
u stdio.h
U stdlib.h
&° WORK_SIZE : constint

# CUDA_CHECK_RETURN()
bitreverse(unsigned int) :

bitreverse(void*) : void

main(void) :int
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CrayPat

* Supports: MPI, CUDA, Cray SHMEMTM, UPC, Co-Array
Fortran, OpenMP, OpenACC, C, C++ and Fortran

* module load perftools
* pat_build -O apa my_program
* Produces my_program+pat executable
 Submit your job with new exe
* Generate report with:
-pat_report -T -0 report1.txt my_program+pat+PID-nodesdt.xf
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Questions?

Support Overview
Getting Started

System User Guides
KnowledgeBase
Tutorials

Training Events

My OLCF

Documents & Webforms
Known Issues

OLCF Policies
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Home » User Support » Software » Debugging and Profiling

Debugging and Profiling

Programs to aid in the correction and optimization of source code.

craypat
Cray Performance Analysis Tools (CrayPAT) can be used to evaluate program execution performance on Cray systems.

ddt

Allinea DDT is an advanced debugging tool used for scalar, multi-threaded, and large-scale parallel applications.

dyninst
Dynamic Instrumentation (Dyninst) is an API for Runtime Binary Code Manipulation.

fpmpi
FPMPI and FPMPI_papi are light-weight profiling libraries that use the pmpi hooks, as specified in the MPI standard.

gdb
The GNU Project Debugger (GDB) lets you debug programs written in Ada, C, C++, Objective-C, Pascal (and many other
languages).

gptl

The General Purpose Timing Library (GPTL) is a library to instrument C, C++, and Fortran codes for performance analysis and
profiling.

hpctoolkit ~ o




Hands-On Demo

» Mystery!
— A code segfaults under certain conditions, but | don’t know why
— Can you solve the mystery?

* |nstructions

— cp /tmp/work/hgi/mystery.tar.gz /tmp/
work/username

— tar —-xvzf mystery.tar.gz
— cd mystery; less README

* (Alternatively, work on your own code)
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